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INTRODUCTION
The dimensional changes produced in graphite, as a result of neutron radiation, have been studied extensively. These dimensional changes are related in a complex manner to both the fast-neutron exposure and the irradiation temperature. Gradients in temperature and fast-neutron flux within the moderator bars results in differences in rates of dimensional change at different positions within the bars. These differences in dimensional change produce stresses which could lead to a self-rupturing of * Work performed for the Atomic Energy Commission under Contract AT(l+5-l)-1350.
To be presented at the 6th Conference on Carbon, Pittsburgh, Pennsylvania, June 17-20, I963, and to be submitted for publication in Carbon. the moderator bars. It is therefore important to the design of modern graphite-moderated reactors to know how these stresses will affect the graphite bars. Specifically there are three questions of primary interest:
1. Will the stresses alter the rates of dimensional change?
2o If so, is the effect sufficient to limit the resultant stresses to a level less than the stress-rupture limit dixring a reactor lifetime?
3o If the stress-rupture limit is not exceeded, will the strain-rupture limit be exceeded?
The purpose of this investigation is to provide an answer to the first question of the effect of stress on the rate of dimensional change.
EQUIPMENT AND PROCEDURES
Five nuclear-grade graphites were selected for examination.
Pertinent information on these graphites is shown in Table I . Other properties have been more fully described elsewhere. It is apparent from these graphs that the contraction of the stressed samples is greater than that of the unstressed samples. Table II, is of sufficient magnitude to encompass such a proportionality. However, it appears unlikely that the increase in rate is dependent upon stress under the conditions reported herein.
The data on the unstressed samples are consistent with previous 3 interpretations in which radiation-induced contraction in graphite at high temperatures is attributed to two separable processes: (l) a vestige of low-temperature crystallite damage which produces an expansion transverse to the extrusion direction and contraction parallel to the extrusion direction; and (2) a permanent, non-annealable contraction that is nearly independent of the irradiation temperature. This latter effect, which is the dominant, long-term process at high temperatures, has been attributed in part to the relief of stresses at particle-binder junctions. The annealing re'sults in this study confirm that the radiation-induced transverse contraction is non-annealable. In fact the samples underwent an additional ccsntraction which is attributed to annealing of the radiation-induced crystallite expansion.
The results of this investigation appear to support the following interpretation. Within the crystallites the same series of disorder-reorder process occur for stressed samples as for unstressed samples. The principal H',-/-SA-2925, Rev. difference is that the compressive stress, which is transmitted to the particle-binder junctions, accelerates the non-annealable contraction in the direction of imposed stress. The mechanism which controls the contraction rate may be as follows:
(1) Internal stresses, generated in a piece of graphite during cooling from graphitization temperature and during irradiation, are partially relieved by micro-6 cracks at external surfaces.
(2) These microcracks are more effective in relieving stresses on small samples, where the volume-to-surface ratio is decreased, thereby reducing the contraction rate.
(3) An externally applied compressive stress may inhibit the displacement at these microcracks and the associated stress relief at the sample edges.
If this interpretation is valid, then the results cannot be directly applied to larger samples, nor to other stress ranges, until a better understanding of sample-size effects are obtained. 2o There does not appear to be a difference between the effect of I50 and 300 psi.
3. An effect of sample size on the rate of contraction of unstressed samples is observed and is in agreement with previous observations. 1*. Results reported herein are in substantial agreement with the radiation-3 damage theory proposed earlier.
5. An extension of the theory has been proposed which could account for the observed results. However, these data are not conclusive proof of its validity and additional work is needed to determine its acceptability.
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CAPTIONS TO FIGURES Figure 1 . Cutaway drawing of a I50 psi compression test boat. 
